The phenomenon of hypnotic anaesthesia has been well established for over a century, since Esdaile (1846) published his original account of 73 surgical operations carried out painlessly under hypnosis, and the technique has established a modest, but definite, place in contemporary medicine and dentistry (Mason, 1960 (Mason, , 1964 . In view of this, it is surprising how little is known of the physiology of the hypnotic state. Studies of the E.E.G. during hypnosis, reviewed by Ellingson (1956) and by Barber (1961) , suggest that there is no specific change in the background activity, the record showing a normal waking pattern unless the subject actually appeared to go to sleep or was put to sleep by suggestion, when a typical sleep record supervened.
There have been several investigations of the physiological responses to painful stimuli under hypnosis, recording such measures as changes in the pulse rate and respiration, vasomotor responses, or facial flinching. The literature has been reviewed by Gorton (1949) and Barber (1961) , but this work and some other papers (Das, 1958; Black and Wigan, 1961; Black, Edholm, Fox, and Kidd, 1960; Barber and Hahn, 1962) have added little to our understanding of the mode of action of hypnotic suggestion in producing a loss of sensibility, although they substantiate the existence of differences in the objective responses to 'painful' stimulation (1958b) suggested that the loss of sensation under hypnosis might be associated with blocking or gross attenuation of the afferent sensory volley before it reached the cortex. There are centrifugal fibres going from the cortex to the synapses in the sensory pathways and it is known that a conditioning stimulus to the cortex can greatly reduce the size of the post-synaptic response to a test stimulus, given peripherally. Dawson himself, for instance (1958a) , recording the post-synaptic response to a stimulus to the forepaw of the rat, found that it could be reduced to 50% of its original size by a "Member of the external staff of the MeQical Res-arch Council. preceding stimulus to the contralateral receiving area of the somato-sensory cortex. Satterfield (1962) has recently reported comparable findings in the cat. Similar centrifugal effects, in which the size of an afferent test volley is modified following cortical discharges, can be recorded at the somato-sensory synapses in the thalamus (Ogden, 1960) . Such centrifugal control appears to exist for most, if not all, of the other sensory inputs (Livingston, 1959) , and attenuations even larger than the 50% observed by Dawson and Satterfield have been recorded in some afferent pathways (Desmedt, 1963) .
If loss of sensation under hypnotic suggestion is brought about by attenuation of the afferent volley, it should be possible to detect the resultant reduction or abolition of the evoked response in the primary cortical receiving area. This cortical response can be recorded in conscious human subjects through surface electrodes by an averaging technique, and while there are normally variations in its form and amplitude, quite apart from hypnosis, any large changes in amplitude associated with the loss of sensation during hypnotic anaesthesia should be readily detectable. Moreover, hypnotic anaesthesia is particularly favourable for investigation because it is under the experimenter's control and can be turned on and off in successive runs, thus permitting a check of testretest reliability of the results.
In the present experiments, cortical evoked responses have been investigated in nine subjects before, during, and after hypnotic anaesthesia had been suggested. A preliminary description of the findings has already appeared (Halliday and Mason, 1964) .
MATERIAL
Nine volunteer subjects took part in the investigation, eight female and one male. All had been hypnotised previously, and analgesia to pin-prick had been successfully produced. They included a medical student, a dental student, a nurse, an almoner, and five patients, three of whom were being 300 treated by hypnotic suggestion for asthma, one for hay fever, and another for headaches. In five subjects, the specific evoked response was recorded from an electrode over the post-central gyrus following electrical stimulation' of the contralateral index and middle fingers.
METHODS Condenser discharges were delivered via an isolating transformer through ring electrodes on the index and middle finger of one or other hand, and the evoked responses wete recorded through a scalp electrode over the surface marking of the contralateral hand area in S1 with reference to another electrode 7 cm. anterior. Average evoked responses were recorded using an electromechanical averager (Dawson, 1954) , as described in a previous investigation (Halliday and Wakefield, 1963 In an initial run, simultaneous recordings were made from electrodes on corresponding points on the two sides of the head; each channel of the averager recorded with a duration of 100 msec. and a unilateral stimulus was given to one hand 10 msec. after the beginning of the record. This initial run served as a check that the response was being recorded contralaterally to the stimulus. Thereafter the two channels of the averager were used consecutively with a 10 msec. overlap, both recording from the contralateral scalp electrodes. As each had a duration of 100 msec. and the stimulus occurred 10 msec. after the first channel began recording, an average record was obtained of the activity occurring during the 180 msec. immediately following the stimulus.
During a scssion, several runs were first recorded with the subject unhypnotised and feeling the stimulus normally. The subject was then hypnotised by the method of progressive lelaxation (Wolberg, 1948) as modified by Mason (1960) . The subject was assumed to be in a hypnotic trance when the eyes closed in a typical cataleptic manner-a progressively accelerating repetitive blink ending in a flutter. Some further records of the averaged evoked response were taken in the hypnotic state. After this, anaesthesia was induced by the hypnotist, the stimulus being given continuously once per second during this period. It was suggested to the subject that the stimulated hand would become 'numb and frozen ' , that all feeling would be lost from the hand and that the electrical pulses would disappear. The subject was instructed to let the hypnotist know when he could no longer feel them by raising the index finger of the other hand. When he had indicated that this was so, the average response was recorded to a further run of stimuli. A number of subsequent runs were given, before each of which sensation in the hand was either brought back or abolished by suggestion, and the subject was asked to confirm before each run that the suggestion had been successful. Reports were also taken both at the end of runs and subsequently when the subject had been dehypnotised. At the end of the session a further control run was usually recorded with the subject fully dehypnotised and feeling the stimulus normally.
RESULTS Representative records obtained from the first subject (B.K.) are shown in Figure 1 . An evoked potential of normal latency and wave-form is seen in the two initial records, taken before the subject was hypnotised, although in (b) it is somewhat obscured by muscle artefact. This subject was rather tense and anxious at this time. Records (c) Responses were recorded (a) before hypnosis and (b) after hypnosis. Thereafter, the subject could be made to feel or not to feel the stimulus at will, by direct suggestion under hypnosis. The nature of the suggestion given bejbre each record is indicated on the right and its success was in each case confirmed by the subject's reports. Before one of the records (g) it was suggested that the stimulus would feel much stronger than before, thoulgh its objective strength was in fact unaltered. The final record (j) is a control taken after hypnosis had been abolished when the subject was reporting feeling the stimuli normally.
the two already described, in that there were cortical evoked responses clearly present when they reported that they could not feel the stimuli. The other subject was less successful in two ways. The records of the evoked potentials were unsatisfactory because of an obtrusive alpha activity which appeared to become locked to the stimulus and partly obscured the response; further, although a response was clearly recorded after anaesthesia had been suggested, this subject reported subsequently that she had still felt the electrical pulses 'in her mind but not in her fingers ', but (b) Example of the continuous record taken with a conventional E.E.G. while averaging the cerebral evoked responses to a mechanical stimulus. The time of the stimuli, given once per second, is marked in the fifth channel, while the fourth channel is a record of the impulse transmitted through the finger to the crystal microphone. At the bottom of the record is a time trace in seconds. The top two channels are recording from the same two pairs oj electrodes as were being used to record evoked responses, the third channel from a pair of occipital electrodes. Both records shown here were taken with the subject hypnotised, in (a) before, and in (b) after hypnotic anaesthesia had been induced. peripheral nerve trunk according to their size and electrical threshold and irrespective of the kind of sensation normally carried by the fibres. On the original hypothesis, the mechanisms controlling the size of the afferent inflow at the sensory synapses might well be organized to deal with natural forms of stimulation travelling up by pathways subserving a particular sensory modality. Electrical stimulation might by-pass these mechanisms by travelling up in a heterogeneous array of fibres, the expected effect not being observed even though some part of the volley was being attenuated. It was, therefore, decided to repeat the observations on evoked potentials during hypnotic anaesthesia using a more natural form of stimulus. The specific evoked response was therefore recorded in the same way in three further subjects, but using mechanical instead of electrical stimulation of the fingers, according to the technique introduced by Sears (1959) .
METHODS Sharp taps were given to the nail or the pad of the index finger by means of an electromechanical transducer (Fig. 3a) and the effective strength of these tap stimuli was monitored by means of a crystal microphone on which the finger rested. This allowed a record of each transmitted impulse to be taken throughout the runs (Fig. 3b) and it was possible to check that there had not been any diminution or increase in the effective stimulus strength due to small movements of the finger or displacement of the stimulator. The procedure was otherwise the same as that employed in the first experiment.
RESULTS Complete loss of sensation was successfully induced under hypnosis in two of the three subjects: the third subject reported the taps as definitely weaker, but still perceptible. This last subject had a response of low amplitude which remained present throughout the session and was not appreciably altered by the suggested anaesthesia or by suggestion that he would feel the tap more strongly, but, as complete anaesthesia was not induced, the results are inconclusive. The results are, therefore, essentially the same as those of the first experiment and confirm the persistence of the specific evoked potential without attentuation during hypnotic anaesthesia. This is seen equally clearly with either electrical or mechanical stimulation. In a further experiment, it was decided to explore the behaviour of a non-specific cortical evoked potential during hypnotic anaesthesia. Such a response can be recorded from a scalp electrode situated over the vertex, in response to single stimuli given in a variety of sensory modalities (Larsson, 1956 (Larsson, 1953) , but click stimuli are more consistently effective, and are best given irregularly and at an interval of more than 10 seconds, as the response tends to become refractory at shorter interstimulus intervals and is larger if the stimulus is unexpected.
The non-specific vertex response was recorded in four subjects, before and during hypnosis and again after hypnotic deafness had been suggested. Hypnotic deafness was successfully produced for some part of the experiment in three of the four subjects, though in no case was it possible to abolish the perception of the click stimuli completely throughout a whole run of stimuli. However, since the responses were recorded individually, this is not so important as in the first two experiments. METHOD Loud click stimuli were delivered through earphones (S. G. Brown, type F) into both ears of the subject. They were generated by condenser discharges of a longer time constant and higher voltage than that used for the finger stimulus (250 ,Csec. 300 V). Successive stimuli were given at irregular intervals of between 10 and 45 seconds. Responses were recorded on two E.E.G. channels from a bipolar chain of three electrodes, the centre one at the vertex and the other two 4 cm. anterior and posterior to it respectively in the mid-sagittal plane. The responses vwere recorded either singly or by photographic superimposition from an oscilloscope which was triggered either at the same time as the stimulus or 10 msec. before it.
RESULTS Figure 6 shows the superimposed responses to 10 click stimuli recorded in one subject (a) before the subject was hypnotised, (b) after hypnosis, but with the subject still hearing, (c) following suggestions that the clicks could not be heard, and (d) after hearing had been restored.
Before beginning record (c), the subject had indicated that she could no longer hear the clicks, but on being asked for a further report at the end of the run, after she had been dehypnotised, she said that the clicks had not completely disappeared, though they were very much fainter. It will be seen that there is some progressive diminution in the amplitude of the vertex response throughout the experimental session (especially seen in the response recorded from the posterior pair of electrodes). This can be put down to the well-known habituation of this response to repeated stimuli. The non-specific response is still present at all stages of the experiment, even in the runs in which the stimuli were perceived as much fainter.
In a further subject, similar records were taken of the superimposed responses to 10 clicks, but in addition, the first five responses in each run were recorded individually. The results are illustrated in Figure 7 . After being recorded in the hypnotic state, when clear vertex responses were obtained (Fig. 7a) , the clicks were repeated regularly once every second while deafness was being suggested. The subject was told: 'You will get deafer and deafer so that you don't hear the clicks at all. Your hearing will not come back again until I squeeze your left hand'. When she had indicated by raising the finger that she could no longer hear them, a further run was recorded with irregular stimuli (Fig. 7b) ''l''l''''l''l'''lllWlll 1"!"l"1"1"t"oo"'"'"' taken (a) with the subject hypnotised but hearing normally, (b) and (c) after hypnotic deafness had been induced and the subject was reporting that the click was very faint and 'far away ', and (d) after the subject was dehypnotised, when she was again hearing the clicks normally. Stimulus coincident with start of the sweep.
away, but not the click'. A second run was then attempted. The subject was told: 'It will go completely again; your hearing will get less and less until the click goes completely and you will let me know when you no longer hear the clicks'. Further records were taken when the subject had indicated that this had happened (Fig. 7 c) . At the end of the run, the subject reported: 'It was the same, I didn't feel it going away altogether. It was further away, like at the end of a long tunnel, but it sometimes seemed half way '. She said that the only time at which she had heard nothing was at the beginning of the first run. Clear vertex responses are seen in the records of both these runs, and it is of particular interest that the single clicks at the beginning of the first run with hypnotically-induced deafness are producing clear non-specific responses. These are apparently occurring at the time when the subject reported hearing nothing at all. A further subject reported that while she was not able to hear the clicks during the runs in which deafness had been suggested, she had heard 'a blurred something' there once or twice during the run. She was instructed to report any stimulus she perceived by raising her finger, and the responses were recorded individually. During a run of 20 stimuli, of which she reported perceiving only two, definite non-specific responses were recorded on 12 occasions. The two stimuli perceived produced negligible responses, not in any obvious way distinguishable from those to 308 I luil.% ww,--group.bmj.com on April 27, 2017 -Published by http://jnnp.bmj.com/ Downloaded from other unheard stimuli. It is of particular interest that the responses were larger in some of the trials in which the subject did not hear the click than in the two trials in which the clicks were heard. These results seem to establish clearly that there is no correlation between the ability of a stimulus to produce a non-specific vertex response and its relative perceptibility during hypnotic anaesthesia.
DISCUSSION
It was originally suggested by Adrian (1954) that when incoming sensory stimuli are not being attended to, the corresponding afferent signals may be attenuated even before they arrive at the cerebral cortex. Pointing out that 'the signals from the sense organs must be treated differently when we attend to them and when we do not', he went on to question 'whether the afferent messages which can evoke sensation are allowed at all times to reach the cerebral cortex or are sometimes blocked at a lower level '. Hernandez-Pdon, Scherrer, and Jouvet (1956) subsequently produced evidence that electrical responses to click stimuli recorded in the cochlear nucleus of the cat were reduced in size when the animal's attention was distracted by concomitant visual, olfactory, or somatic stimulation, and similar results have been obtained in recordings of the photicallyevoked response in the cat's optic tract during acoustic or olfactory stimulation (Hernandez-Peon, Guzman-Flores, Alcaraz, and Fernandez-Guardiola, 1957 ). These results have been criticized and alternative explanations have been put forward (Horn and Blundell, 1959; Horn, 1960; Hugelin, Dumont, and Paillas, 1960) , but they establish a strong prima facie case for the view that the afferent signals which are not being attended to are attenuated at the synapses of the ascending sensory pathway. Even stronger evidence in favour of this view comes from experiments by Hernandez-Peon and Donoso (1957) and Jouvet (1961) . The former authors recorded the evoked response to flashes in four waking patients by electrodes implanted in the occipital lobe. They found that the potential varied in size with the amount of attention that was being paid to the stimulus, and that it was reduced or abolished when the patient concentrated on solving an arithmetical problem or recalled a visual image. One particularly suggestible patient reported changes in the intensity of the flash stimulus (which was actually constant) following verbal suggestion, and the size of the recorded potential varied in parallel with these subjective changes in stimulus intensity. The authors did not attempt to induce complete blindness by suggestion, but the similarity of these experiments to the present ones on hypnotic anaesthesia is obvious. Jouvet (1961) has made similar recordings of flashevoked responses from the optic radiation in 12 patients, four of whom were suffering from prolonged unconsciousness following head injury. In the eight conscious patients, the evoked responses were enhanced when the patients were asked to count the flashes and they remained enhanced as long as the patient continued to attend to the stimuli. Diverting the attention to olfactory or auditory stimuli, or to mental arithmetic, greatly reduced the size of the visual response and 'nociceptive' stimuli were particularly effective in this respect. However, in one woman with hysterical hemianaesthesia (who therefore denied feeling the painful stimuli) even very strong nociceptive stimulation had no effect, although auditory stimulation was effective. Nociceptive stimulation was equally ineffective in influencing the visual responses in the unconscious patients. Though these recordings, like those of Hernandez-Pdon and Donoso, were made on the photically-evoked response, in three other patients Jouvet also recorded the response to mechanical tapping of the skin by a tendon hammer by means of an electrode stereotactically implanted in the region of the nucleus ventralis postero-lateralis in the thalamus. It was not possible to do such thorough testing in these cases as the time available was limited, but essentially similar results were obtained. When the patient's attention was diverted to mental arithmetic, a very significant decrease of amplitude in the somatosensory response was produced.
There are a number of important differences between these experiments and the present ones. Hernandez-Pdon and Donoso and Jouvet obtained their results by recording individual evoked responses in the afferent sensory pathways by means of an implanted electrode. Our own records are average responses from the cortex obtained from scalp electrodes. All our experiments on the specific evoked response have been on the somato-sensory system, while by far the majority of the results reported by Hernandez-Peon and Donoso and by Jouvet concern the visual pathways. However, it is clear that the authors of both these papers regard their results as being representative of a principle applying to other sensory inputs, and Jouvet's experiments on the somatically-evoked response support this interpretation.
In view of this, it is surprising that no significant change in the amplitude of the average response could be produced in our experiments in response to suggestion under hypnosis. If one accepts the conclusion that the size of the evoked response in the particularly suggestible patient of Hernandez-Peon and Donoso varied in parallel with the subjectivelyperceived intensity of the stimulus and that this could be readily influenced by verbal suggestion, it is difficult to see how these results can be reconciled with ours, unless the hypnotic state of our subject altered the behaviour of the cortical responses.
There are, however, other circumstances in which the behaviour of the cerebral evoked response does not parallel subjective experience, and in which, as in our experiments, the response may still be present at a time when the stimulus is not being consciously perceived. Among these are hysterical anaesthesia (Alajouanine, Scherrer, Barbizet, Calvet, and Verley, 1958) , the 'extinction' of a sensation by contralateral stimulation associated with a parietal lobe lesion (Giblin, 1960) , sleep and anaesthesia (Brazier, 1954; Ciganek, 1961; Hagbarth and Hojeberg, 1957) . In this connexion, it is of some interest that Jouvet's results on comatose patients and on the patient with hysterical anaesthesia (Jouvet, 1961) suggest that a competing stimulus may have to be consciously perceived in order to be effective in modifying the response to a concomitant stimulus in another modality.
Having established in our first two experiments that there was no change in the amplitude of the specific evoked response in association with hypnotic anaesthesia, we anticipated that there might nonetheless be a significant change in the non-specific (vertex) response. The specific evoked response, recorded over the post-central gyrus, appears to depend exclusively on impulses travelling by the posterior column pathways (Halliday and Wakefield, 1963) , while in altered states of consciousness, such as anaesthesia or concussion, it is the impulses travelling in the slower multisynaptic pathways of the anterolateral columns, and particularly the central grey matter of the brain-stem, which are selectively depressed (French, Verzeano, and Magoun, 1953; Arduini and Arduini, 1954; Foltz and Schmidt, 1956; cf. McKenzie and Beechey, 1962) . For these and other reasons, discussed elsewhere (Halliday and Mingay, 1961, 1964) , it seems likely that the activity of the non-specific pathways projecting diffusely to the cortex has more relevance to perceptual awareness than that in the posterior column pathways, responsible for the specific evoked response. The anatomical pathways mediating the vertex response have not been established, but its non-specific character is well known. Our own experiments on this response show that it is still present during hypnotic deafness and that its size is apparently uncorrelated with whether an auditory stimulus is being heard or not.
The only non-specific evoked response previously studied in association with hypnotic anaesthesia appears to be the alpha-blocking response of the E.E.G. (which also depends upon the diffuse cortical projection system). The majority of the previous investigators of the effect of hypnotic or hysterical blindness upon the alpha rhythm have concluded that the functional blindness did not prevent normal alpha-blocking responses to eye-opening; nor did a hypnotically-suggested hallucination of light abolish the alpha, as did a normal light stimulus (see Gorton, 1949 for a review of this work). The same was true of the pupillary light reflex, which was unaffected by hypnotic blindness, and was not evoked by suggested light (Lundholm, 1928) . On the other hand, Titeca (1938) reports two cases of hysterical hemianaesthesia in which the alpha rhythm failed to block to even very painful stimulation of the skin on the anaesthetic side, while normal blocking responses were obtained on stimulation of the unaffected side. This is in contradistinction to the reported finding that the specific cortical response is unaffected in such cases (Alajouanine et al., 1958) . We tried to repeat Titeca' s observations by investigating alphablocking responses in our own subjects as part of the present series of experiments, but abandoned the attempt when we were unable to get satisfactory blocking responses to somatic stimuli even before hypnosis was induced.
The present results provide only negative evidence as to the mechanism responsible for the loss of sensation in hypnotic anaesthesia, but establish that no part of the loss can be due to attenuation of the afferent sensory volleys. Some other evidence may be cited as supporting the view that the 'sensory loss' is mediated at a 'higher' level and may be more akin to a functional agnosia than anaesthesia. Doupe, Miller, and Keller (1939) emphasize the important point that in hypnotically induced sensory loss the subject may still be able to discriminate the 'unperceived' object or stimulus from closely similar objects. The hypnotised subject may, for instance, be deaf to all other voices but the hypnotist's, or may be induced not to see a particular object or person present in the room. Black and Wigan (1961) have recently investigated hypnotically-induced deafness to tones of a particular frequency. All these phenomena presuppose the identification of the object not to be seen or the sound which is not to be heard, and this is a task involving a considerable degree of sensory discrimination. It is difficult to see how such highly-selective blocking, which is in marked contrast to complete sensory loss, could be achieved by attenuation early in the afferent pathways. It is much more reminiscent of the type of agnosic defect associated commonly with cortical lesions, where one may have specific objects not perceived because they are not recognized. It is, perhaps, at this functional level that we should look for the operation of the mechanism responsible for hypnotic anaesthesia. The patient with hemiplegia who denies that his paralysed arm is his own, and the blind patient with Anton's syndrome who denies the existence of an obvious sensory loss, are suffering from well-recognized sequelae of an organic lesion (Brain, 1961 
SUMMARY
Cortical evoked potentials have been recorded from scalp electrodes in nine subjects before and after hypnosis and while they were reporting that they could not perceive the stimulus following suggested loss of sensation. In five of the subjects, the averaged responses to electrical stimulation of the contralateral hand showed no reduction in amplitude when the subjects were reporting that they could not feel the stimulus, and the same result was obtained in three other subjects in whom the averaged responses to a more 'natural' form of stimulus were recorded (mechanical taps to the contralateral index finger).
In four subjects the non-specific response to auditory stimuli (clicks) was recorded from a surface electrode over the vertex. An attempt was made to induce deafness under hypnosis which was partially successful in three of the subjects. At a time when the clicks were reported as unheard or very faint and far away, apparently normal non-specific responses were being evoked by them.
These results suggest that no part of the loss of sensation in hypnotic anaesthesia can be attributed to attenuation of the sensory messages in the afferent pathways on their way to the cortex. This finding is discussed in relation to other earlier experiments on attenuation of the afferent volley and on the phenomenon of hypnotic anaesthesia.
